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This booklet (referred to as PD 5686:1969) replaces

the 1967 edition by including subsequent recommendations of the
International Organization for Standardization (I50) and the General
Conference on Weights ‘and Measures {CGPM). The International System

of Units (SI)

is described and rules are given for the formation of

derived units and decimal multiples and submultiples. The major part
of this booklet is a list of the SI units for various physical

guantities,

the recommended multiples and submultiples of these

units, and the non-SI units which may alsc be used. Further tables
give definitions of derived SI units with special names, the value of
some imperial units in terms of SI units, and related British
Standards ‘publications. . (i1l)
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The Use of Uni*&s
Foreword

This booklet was first published in December 1965 to provide a simple account
of the units of the metric system and of the way the system has evolved in the
- 'past few decades to produoe the ra.tlonal SI. metnc system now commg into
world use,
It was.revised in Apnl 1967, and is now again revised to mclude the prowslons
of the latest ISO Draft Recommendation No. 1557 for which it'is known that
_ there is-gemeral international approval. The recommendation also embodies the
. up-to-date proposals of the General Conference on: Welghts and Measures :
',~((,GPM} : _ T o

TR a8 5 s vee e

~

3 T e e e BT

:"".Intl'ou-actlon T |

- The Uifved Klngdom 1s changmg to the metrlc system at a time when a ratloral- R
' jzed system of metric units; the Systéme Intérnational d’Unités (SI), is. wmmg :
~_into international use.’ The SI derives’ nearly all the quantities needed in all.
- technologles from’ or.ly six base-units which are g_rbltra.nly definéd. This contrasts -
. with the metric systems currently use which many: addmonal units (for, .
.. instance *calorie’ and “horsepower?) are- arbitrarily and sometimes differently -
dsﬁaqd.;'_Relatioqshir.; ‘vetween uniis arethus- greatly,isimphﬁed-—'in.,the SL the

' _n"everyday life or trade. The metre and the kilogramme remain’ the units of
linear measure and mass, and the lltre, now accepted 1 for ‘most purposes as a

o sPecml name for the cubic decimetre, will be commonly vsed as a unit of volume. .

i The ST 1s'ia coherent system of umts, and thls term .,hould be. ﬂxplamed ‘




Historical note

The idea of a decimal systera of units was conceived by Simon Szcvin (1548-1620)
who also developed the even more important concept of decimal fra<tions.
Decimal units were also considered in the early days of the French Académie des
Sciences founded in 1666, but the adoption of the metric system as a practical
measure was part of the general increase in administrative activity in Europe
which followed the French Revolution. A.dvised by the scientists of his day, the
state-man Talicyrand aimed at the establishment of an interpatioaal decimal
system of weights and measures ‘4 tous les temps, & tous les peuples °. It was
based on the metre as the unit of length (it was intended to be one ten-miliionth
part of the distance from the North Pole to the equator at sea level through Paris,
but the circumstances did not permit this aim to be achieved with any great
accuracy) and the gramme as the unit of quantity of matter. The gramme was
to be the mass of one cubic centimetre of water at 0 °C.

Although the metric system was piimarily devised as a benefit to industry
and commerce, physicists soon realized its advantages and it was adopted also
in scientific and technical circles. In 1873 the British Association for the
Advancement of Science selected the centimetre and the gramme as basic units
of length and mass for physical rurposes.

~ Measurement of other quantities called for a base-unit of time and the adop-
tion of the second for this purpose gave the centimetre-gramme-second system
(c.gs.). In about 1900 practical measurements in metric units began to be based
on the metre, the kilogr_am;ne_and the second (the MKS system). In 1935, the
Interiztional Electrotechnical Commission (IEC) ‘accepted the recommendation
of Professor Giorgi that this system of units of mechanics should be linked with
the electro-magnetic units by the adoption of any one of the Jatter as a fourth

base-unit. The ampere, the unit of electrical current, was adopted by the IEC
-in 1950 as the fourth base-unit, giving the MKSA (or Giorgi) system.

" "Since 1875 all international matters concerning the metric system have been
the responsibiiity of the Conférence Générzle des Poids et Mesures (CGPM)
which was constituted following the Convention held in Paris in that year. The
CGPM meets in Paris, and controls the Comité International des Poids et Mesures
(CIPM) and various Sub-committees as well as the Burzau International des
Pcids et Mesures (BIPM). S : :

The laboratories of BIPM at Sévres are the repository of the standard kilo-
gramme and the former standard metre. The kilogramme is still defined in terms
of the international prototype at Stvres but the metre is now defined in terms of
a number of wavelengths of a particular radiation of light. The United Kingdom
participates in CGPM work, the Government department responsible being the
Ministry of Technology. T
“" At its tenth meeting, in 1934, the CGPM adopted a rationalized and coherent

system of units based on the four MKSA units, the kelvin'as the unit of tempera-

" §!3
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ture and the candela as the unit of lIuminous intensity. The eleventh CGPM in
1960 formally gave it the full title ¢ Systéme International d’Unités > for which
the abbreviation is “ SI"’ in all languages.

The International System of Units (SI)

At Appendices A and B to this document these is reproduced an exposition of
SI as it appears in the most recent {SO drafi recommendation.

Attention is particularly drawn to the rules concerned with the foimation of
multiples and sub-multiples. These have as their object:

(1) Minimizing the variety of multiples and sub-multiples in common use.

(2) Ensuring that their presentation is uniform.

(3) Ensuring that their presentation is such that their relation to the coherent
unit is always simple and obvious.

It will be seen in Appendix A that ©in quder to avoid errors in calculations,
it is cssential to use coherent uaits °. Observance of the above mentioned rules

‘will considerably facilitate the transition from data expressed in decimai multiples

and sub-multiples to coherent units for the purpose of calculation. It is therefore
recommended that unless compelling reaons to the contrary exist, the rules
should be strictly nbserved,

Appendix 3, wukd from he annex to the ISO draft recommendatiion, lists
the SI units and a selection of their recommended multiples and sub-multiples
together Wwith other units or other names of units which may be used. The
appendix also includes some units which are not contained in the ISO dxaft recom-
mendation” but which may be used in the UK in addition to the intexnationally
agreed selectlon. These are marked w1th an asterlsk

'Umts of mas.s, Jorce and waglzt

The SI, being a coherent system of umts, provides naturally for a coherent unit
of force, namely the newton, and for the derivatives of that unit for quantities
such as pressure, stress, work and power.

In practlcal work it has been a common practice to wse weight units as force
units; in other words, the unit.of force used has been that force which applied
to unit mass produces an. acceleratlon &, rather than unit accelera.tlon. Thls has

several dxsadvant'\geS'

6} ‘The  valué -of grawtatlonal acceleration g varies across .the earth’s
. surface and so the weight of a gnven mass also varies. Some years ago an
attempt was made to correct this minor error by mtroducmg the concept
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of the kgf or 1bf, which were defined as the forces due to ‘standard
gravity > acting on bodies of mass 1kg or 11b respectively, standard
gravitational acceleration being taken as 9-806 65 m/s® or 32-174 ft/s®.

(2) g is “built-in* to the definition of the gravitational umit force, and
when this unit is used it gives rise to the following paradox in dynamics:
that in those circumstances where the force of gravity plays a part, any
mathematical expression will not contain g, whereas in circumstances
where the force of gravity is not at all a factor, the related mathcmatical
expressions must contain g tO compensate for the fact that the unit of
force used is g times greater than the coherent unit.

(3) The use of a mass unit sometimes, but not always, followed by the word
« force * or abbreviation  f ’ in textual matter has often confused designers,
who have been uncertain whether the mass unit implied a force or was
meant as a pure mass.

There is thus-a powerful ‘case for the adoption of the coherent unit which
obviates all of these disadvantages, being independent of g, and clear i
statement. . i

Units of pressure and stress

The SI uxit of pressure and stress is the newton per square metre. This unit and
its recommended multiples and sub-muitiiples should pormally be used.
Notwithstanding the general principle: set out.above, the bar and some of
its decimal multiples and sub-multiples az izsecl in certain fields and in particulax
have been adopted, on an interim bask., fo: the initial expression of metric
values of stress or pressure in certain classes of British Standards. In all such
standards and other publications the r=laticnship between the adopted unit
and tiz SI unit should be given as a footno#e or other noite 02 each relevant

- page of the text or table (e.p. 1 bar = 105 Njzn?, 1 hbar = 107 Njm? 1 mbar =

10? N/m?).

Details of such classes of British Stawdhirds are given bellow:

(1) In British Standards specifying in wastric terms. the strength of metallic
materials, this property is express:2{-in hectobars. ‘

(2) In British Standards specifying =mstric values of pressure relating to
vessels, plant. acd equipment, thiss fis expressed in bars, Izectobars and
millibars. However, in high vacuum work, for pressures of atout 1 N/m?
or less, the N/m? with its decim== sub-multiples is currently acceptable
‘aad is to be recommended in pr&frence to. the torr or mmHg.

o
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Conversion from imperial to metric units

The UK will not gain the full advantages of adopting the metric system by a
mere mathematical conversion of existing designs and products from, for
instance, inches to the equivalent in millimetres. For Britain, the essence of the
changeover operation is to line up with current international practice as a means
of improving our competitiveness in oversea markets, the great majority of which
are now metric. New designs will therefore have to be prepared on a metric
basis, using customary metric sizes and metric components, and taking account
of internationally agreed metric standards and the practice of the principal
metric countries.

In a fow cases where, for instarice, interchangeability must be maintained, it
may be necessary (o carry out direct conversion fre ' b to metric dimensions.
Part 1 of BS 350 ¢ Coaversion factors and taf. =8> . visic information on
units and a summary of the conversion factors, in:ludixg those for SI units.
Detailed conversion tables are contained in Part 2, a supplement to which
(Supplement No. 1) includes tables for SI units where they are not already given.
Reference may also be usefully made to BS 2856 * Precise conversion of inch
and metric sizes on engineering drawings °, which recommends tiLe conversion
procedure giving the essential accuracy required for precise dimensional inter-
changeability. » ' »

Particulars of other British Standards concerned with units and conversion
are given in Appendix E.
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Appendix A v
Rules for the tse of units of the International System of Units

A.1 Scope. The purpose of this appendix is to give rules for the use of units of
the International System of Units and for forming and selecting decimal
multiples and sub-moultiples of the SI units for application in the various
fields of technology.

A.2 General .

A.2.1 The name Systéme International d’Unités (International System ¢{ Units)
and the international abbreviation SI are used for the systematically organized
system of units introduced by the Conférence Générale des Poids et Mesures
in 1960. :
It includes the base-units of SI, supplementary SI units, derived SI units, and
the decimal multiples and sub-multiples of these upits, formed by use of prefixes.
The name * SI units * is reserved for the coherent units only.

A.2.2 The International System of Units is based on the following six base-unite ;

metre (m) ampere (A)
kilogramme (kg} kelvin (K)
second (s) B candela (cd)

as units for the basic quantities length, mass, time, electric current, thermo-
dynamic temperature, and luminous intensity.

A.2.3 The ST units for plane angle and solid-angle, the 1adian (rad) and the
steradian (sr) respectively, are called supplementary units in the International
System of Units. ‘ :

A.2.4 The expmeioﬁs foi the derived SI units are stated in terms of base-units,
for example the ST unit for velocity is metre per second (m/s).

For some of the derived SI units special pames and symbols exist; those
approved by the Conférence Générale des Poids et Mesures are listed below:

s i i L i
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Name of Expressed in terms
cantit; < Symbol of SI base-units or
Q v ST unit yo derived nnits
frequency hertz Hz 1Hz =13
force rewton N IN =1kgm/s?
wo';'k, energy, quantity of joule ¥ 1] =1Nm
a€at
power. watt w 1w =1J/s
quantity of electricity coulomb C 1C =1As
electric potential, pctential volt \' IV =1W/A
difference, tension,
electromoiive force
electric capacitance farad F 1F =1As/V
electric resistance ohm Q 10 =1V/A
flux of magnetic induction, weber Wb 1Wb=1Vs
maguetic flux
maguetic flux density, tesla T 1T =1Wbm?
magnetic induction ‘
inductance henry H 1H =1Vs/A
luminous flux - Jamen Im 1lm =1cdsr
illumination lux Ix 1Ix =1lm/m?

It may sometimes be advantageous to express derived units in termis of other
derived units having special names, for example the SI unit of electric dipole
moment (A s in) is usually expressed as Cm.

A.2.5 Decimal muluPleq and sub—multlples of the SI units are formed by means

of the preﬁxes given below:

Factor by which the unit

is muitiplled | Presx Symbol

1o e | 3
giga

10¢ meRa M
103 kilo . k .
103 hecto h
10 deca da
10-1 deci d
10-2 centi c
10-8 milli m
10-¢ micro |13
10-¢ nano n
10-12 pico p
10-18 femto f
1018 atto a

The symbol of a prefix is considered to be combined with the it symbol to

- which it is directly attached, forming with it a new unit symbol which can be

raised to a positive or negative power and which can be combined with other
unit symbols to form symbols for compound units.

8
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Examples
lom® = (1072m)® = 10~°m®
lpus—t =(10"%s)~* =10°s™2
1 mm?/s = (10-2 m)?/s = 10-% m?/s

Compound prefixes should not be used, for example write nom (nanometre)
instead of mpm.

A.3 Rules for the use of SI units and their decimal multiples and sub-multiples
A.3.1 The SI units are preferred, but it will not be practical to limit usage to
these; in addition, therefore, their decimal multiples and sub-multiples, formed
by using the prefixes, are required.

In order to avoid errors in calculations it is essential to use coherent units.
Therefore, it is strongly recommended that in caleulations only SI units themselves
be used, and not their decimal multiples and sub-multiples.

A.3.2 The use of prefixes representing 10 raised to a power which is a multiple
of 3 is especially recommended.
NOTE. In cectain cases, to ensure convenience in the use of the units, this recemmenda-

tion carot be followed; Column 5 of the tables in Appendix R gives examples of these
exceptinns. . :

A.3.3 It is recornmended that only one prefix be used in formiug the decimal
multiples or sub-multiples of a derived SI urit, and that this prefix be attached tc
a unit in the numerator. ‘ ' : '

.

NOTE. In certain cases convenience in the use requires attachment of a prefix to both the
numerator and the denominator at the same time, and sometimes only to the denominator.
Column 5 of the tabies in Appendix B gives examples of these exceptions.

A.4 Nuomerical values
A.4.1 When expressing a quantity by a numerical value and a certain unit it has
been found suitable in most applications to use units resulting in pumerical
values between 0-1 and 1000. '
The units which are decimal multiples and sub-multiples of the SI wunits
should therefore be chosen to provide values in this range, for example:

observed or

calculated values can be expressed ay
12000N 12 kN ‘
0-00394m ‘ 3-94 mm
14 010 N/m? 14-01 kN/mn
0-0003 s 0-3 s

. A.4.2 The rule according to A.4.1 cannot, however, be consistently applied. In
‘one and the same context the numerical values expressed in a certain unit can
. - . B ) .. 9 N
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extend over a considerable range; this applies especially to tabulated numerical
values. In such cases it is often appropriate to use the same unit, even when this
means exceeding the preferred value range 0-1-1000. ‘

A5 List of units. Units for a number of commonly used quantities are given
in Appendix B.
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Appendix C

Definitions of derived SI units with special names

force
energy

pewer
electric charge
. electric potential

electric capacitance

electric resistance

. frequency

" maguetic flax

The unit of force called the newton is that force
which, when applied to a body having a mass of
one kilogramme, gives it an acceleration of one
metre per second squared.

The unit of energy called the joule is the work done
when the point of application of a force of one

.newton is displaced through a distance of one metre

in the direction of the force.
The unit of power called the watt is equal to one

- joule per second.

The unit of electric charge called the coulomb is the
quantity of electricity transported in one second by
a current of one ampere.

The unit of electric potential called the volt is the
difference of potentxal between two. points of a
conductmg wire carrying a constant current of one
ampere, when the power dissipated between these
points is cqual to oae watt.

The unit of electnc capacnanee called the farad is

. the:capacitance. of a capacitor between the plates ..
- of which there appears a difference of potential of -
" one volt when it is charged bya quantlty of elec--
. tricity equal to one ‘coulomb.

The unit of electrlc resxstance called the ohm is the

resistance between two points of a conductor when

a constant difference of potentla.l of one volt, .
applied between these two points, produces in this
conductor a current of one ampere, this conductor

not being the source of any electromotive force.

The unit of frequency called the hertz is the

frequency of a penodxc phenomenon ol' whlch the
‘periodic time is one second. -

.. The unit of magnetic flux called the weber is  the

- flux. which, linking a- circuit of one turn, produces
i’ it an electroinotive: force of one ‘volt as it is

: redueed to zero at a umform rate in_ one second

'23v'
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magnetic flux density

electric inductance

temperature

luminous flux

illumination

The unit of magnetic flux density called the tesla is
the density of one weber of magnetic flux per
square metre.

The unit of electric inductance called the henry is
the inductance of a closed circuit in which an
electromotive force of one volt is produced when
the electric current in the circuit varies uniformly
at the rate of one ampere per second.

The units of kelvin* and Celsius temperature
interval ‘are identical. A temperature expressed
in degrees Celsius is equal to the temperature

..expressed in kelvin less 273-15¢.

The unit of luminous flux called the lumen is the
flux -emitted within upit solid angle of one
steradian} by a point source having a uniform

. intensity of one candela.

‘The unit of illumination called the lux is an

 illamination of one lumen per square metre.

* The name degree Kelvm (symbol °K) was chunged to* kelvm (symbol K) at the 13th

 CGPM (1967).

+ This is true for the thermodynamxc ‘scale’and for the mternatlonal practical scale of 1968.
There are, however, shght differences between thermodynamxc scales and practical scales.

1 One steradian is the solid angle which, havmg its vertex ‘at the centre of a sphere, cats off
an area of the surface of the sphere equal to that of a square with sldes of Iength equal to the

radius of the sphere

. ",:24»
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Appendix D
Values of some imperial uni¢s in terms of SI units
Length Density
1yd 09144 m 11bfin®  2-76799 x 10* kg/m®
1ft 304:8 mm 1 1b/fe2 16-0185 kg/m®
1in 25-4mm 11b/UKgal 0-089 776 3 Mg/m?®
1 mile 1-609 344 km (i.e.0-099 776 3kg/dm?*)
Force
1pdl 0138255 N
Area N ' < 1Ibf 444822 N
1in? 64516 mm? . '
1f#  0:0929030m? Pressure :
1yd? 0-836 127 m? 11bffin? 6894 76 kN/m?

1 mile? 2-589 99 km? ‘
' ' Energy (work, heat)
Iftpdl - 004214013

Volume g - . C1ftIbf . 1-355823

lin® - 16387'1 mm® lcalt . 4-1868J

1fi 00283168m® = 1Btut . 105506k}

1UKgal -~ 454609dme* .~ T
Co .- o . Power . :

1fifs . 03048mfs. . - Temperature .

! mFle/h 0.447 04 mfs. " - 1Rankine ‘" - 5/9 of kelvin unit
ass v .+ (=1 Fahren- (=5/9 of Celsius unit)

1b 045359237kg " heit unif)

Numbers printed in bold type ar: exact.

* By a resolution of the twelfth CGPM in 1964 the word * litre * (symbol 1) is now recognized
as a special name for the cubic decimetre, but is not used to express high precision measure-
- ments. ’ o :
In 1901 the litre was defined ‘as the volume of 1 kilogramme of pure water at normal
atmospheric pressure and maximum density, equal therefore to 1-000 028 dm?® This 1901
_ definition’still-applies for the purposes of the 1963 Weights and Measures Act. On the basis
of the 1901 definition, 1 UKgal ='4:545 96 litres, but this small difference may be disregarded
for most purposes.. Co o : ) )

+ As’defined by the Sth Intetnational Conference on Properties of Steam, Londor;, 1956, - -

andhsed by ISO. The calorie referred tois the international table calorie, calsr.

Wi ed
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Appendix E

e

British Stamdards concerned with units and conversior \
of units f

BS 350 : —— € omversion factors and tables.
Part 1 : 1959 Basis of tables. Convession factors (with Arnend-
:mizottsApril and Cxct..:1963, and Jan. 1965). 15s.
Hexmy 2 1 1962 Detdiled conversion tables. 25s.
Supplemem: No. 1. 1967 (PD 6203) Additional tables for
: :SI conversions.. 20s.
BS 1637 : 1950 Mi=morandum on the"M.K.S. system of electrical and magestic
. s, 3s.
BS 1957 : 1953 Pressntation of . numerical values (ﬁneness of expression;
, : roumding of numbers). Ss. . :
BS 1991 : ——  Letter symbols, signs and abbrevnatlons
Part 1 : 1967 General. 15s.
Part’ 2 : 1961 Chemical engmeermg, nuclear science and x
applied chemistry. 10s.
© Past 3 : 1961 Fluid mechanics. 7s. 6d. :
Part 4 : 1961 Structures, materials and soil mechamce. 12s. 6d.
“'Part 5 : 1961 Applied thermodynamlcs 7s. 6d.
: Part 6 : 1963 Electrical science and engmeermg 12s 6d.
" BS 2045 : 1965 Preferred numbers. 6s. . :
BS 2856 : 1957 - Precise conversion of inch and metric sizes on engmeermg
B o drawmgs (with Amendment Oct. 1965). 55. .
BS 2990 : 1958  Rationalized.-and unrationalized formulae in electrical
.. .. . . engineering (w:th Amendment Jan 1960) Ss ‘ o
- BS 3763 : 1964 International System (ST) units. Ss o

"Metnc conversnon shde (m plastncs case) 21s.
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L Metric standards—Ilatest information

: More tham 1200 British Standards now available in anetric units are
1 listed in tthe new edition of PD 6286 ‘ Metric stamizrds published
and in mrogress’. To help industrial planning fow metrication, !
PD 6286 also gives information about the priority szmndards being
revised in metric units and new priority work.

A subject index aids rapid location of particular standards.
Price 14s.

Have you secen these metric programmes?

Important sectors of industry have now agreed the broad timetables
they will follow in changing to.metric working. The programmes,
co-ordinated and published through BSI, are essential readmg for
.all involved in metrication: :

Lk - PD 6030 Programme for the cnauge to the metric system in the
E BE . construction industry (price 5s.) .
- PD 6424 -The adoption of the restric system in the engmeermg
. industry: basic pr_ogramme and gulrle (price 15s.)
PD 6427 The. adoption of the. metric system in the electrical
' industry: basi¢c programme (price 10s.) Co
PD 6430 The adoption of the metric system in the marine industry: ;
3 report, basic programme and guide (price 20s.) ’

Copies of all BSI publications can be obtamed from the BSI Sales Branch,
101-113 Pentonville Road, London, N.1. Postage is charged extra to non-
subscnbers at the rate of ls per £1. : .

i
Printed in England by Gaylard & Son, Ltd, London, S.E.14 » \ .
i







